Abstract: Common snook Centropomus unidecimalis is an important commercial and fishery species in Southern Mexico, however the high exploitation rates have resulted in a strong reduction of its abundances. Since, the information about its population structure is scarce, the objective of the present research was to determine and compare the age structure in four important fishery sites. For this, age and growth of common snook were determined from specimens collected monthly, from July 2006 to March 2008, from two coastal (Barra Bosque and Barra San Pedro) and two riverine (San Pedro and Tres Brazos) commercial fishery sites in Tabasco, Mexico. Age was determined using sectioned saggitae otoliths and data analyzed by von Bertalanffy and Levenberg-Marquardt among others. Estimated ages ranged from 2 to 17 years. Monthly patterns of marginal increment formation and the percentage of otoliths with opaque rings on the outer edge demonstrated that a single annulus was formed each year. The von Bertalanffy parameters were calculated for males and females using linear adjustment and the non-linear method of Levenberg-Marquardt. The von Bertalanffy growth equations were FL t =109.21(1-e -0.21(t+0.57) ) for Barra Bosque, FL t =94.56(1-e-0.27(t+0.48) ) for Barra San Pedro, FL t =97.15(1-e -0.17(t+1.32) ) for San Pedro and FL t =83.77(1-e -0.26(t+0.49) ) for Tres Brazos. According to (Hotelling's T 2 , p<0.05) test growth was significantly greater for females than for males. Based on the Chen test, von Bertalanffy growth curves were different among the study sites (RSS, p<0.05). Based on the observed differences in growth parameters among sampling sites (coastal and riverine environments) future research need to be conducted on migration and population genetics, in order to delineate the stock structure of this population and support management programs. Rev. Biol. Trop. 61 (2): 807-819. Epub 2013 June 01.
and reproduction efficiency (Cadima 2003) . The impacts of increased fishing mortality are usually more acute in tropical regions, where food availability is often lower as well as metabolic demands greater than in temperate regions (Brennan et al. 2006 , Stevens et al. 2007 ). Age structure is useful to compare population's dynamics under different exploitation rates or different environments occupied by species (Sparre & Venema 1997) . Periodic assessments regarding age, growth, and abundance are basic to determine the effects due to changes of environmental variables and catch rates over the exploited populations (Pauly et al. 2002) .
Comparative studies about common snook in Florida, USA, showed differences in the growth and reproductive parameters of two populations (Eastern and Western) of Florida. This was related to the reproductive isolation between these two populations and differences in exploitation rates (Marshall 1958 , Aliaume et al. 2000 , Taylor et al. 2000 , Muller & Taylor 2006 . in México, both studies about age and growth of common snook has been limited to coastal zones; these studies have been observed by Caballero (2003) , who identified nine age-classes using whole otoliths readings, indicating that it is a slow growing species with a longevity from 21 to 28 years old.
Considering that common snook is a diadromous species with a life cycle which is strongly related to riverine migrations, it is important to know its population dynamic along its distribution range and to test for populational differences regarding its life cycle and reproductive migration along rivers. in Tabasco, the fishery of common snook is strongly related to its life cycle. The highest catches are in accordance with its reproductive migrations between riverine and coastal marine areas; during winter, the mature individuals migrate upstream whereas in summer they migrate to coastal areas to spawn (Perera-García et al. 2008 , Perera-Garcia et al. 2011 . However, this movement as well as age structure of spawning aggregations are poorly understood (McDowall 1999) .
in Tabasco state, small-scale fishery fleets exploit common snook within coastal marine and riverine environments by using special gillnets made out of multifilament nylon (PereraGarcía et al. 2008) . This species represents a significant monetary income and alimentary resource for all rural communities nearby its distribution. Based on the economical importance of this species and its life cycle, the aim of this study was to determine and compare the age structure and growth rates of common snook individuals, collected from small scalefisheries of two coastal and two riverine areas in Tabasco, Mexico.
MATERiALS AND METHODS
Study area and sampling survey: Common snook individuals and otoliths were obtained from four commercial landing points located in coastal and riverine areas during monthly sampling surveys conducted from July 2006 to March 2008. Fish were obtained from small-scale fisheries by using multifilament gillnets with a six centimeters (cm) mesh size, 10-100m length and 2m height.
We sampled two coastal areas, Barra Bosque located in the Grijalva River mouth (18°36'52'' N -92°41'07'' W) and Barra San Pedro located at the San Pedro and San Pablo River mouth (18°38'59'' N -92°41'07'' W), as well as in two riverine areas, Tres Brazos (18°23'50'' N -92°38'52'' W) and San Pedro (17°46'13'' N -91°09'17'' W) located along the Usumacinta River (Fig. 1) . A total of 104 and 114 individuals from Barra Bosque and Barra San Pedro were respectively collected, while 36 and 314 individuals were collected from Tres Brazos and San Pedro, respectively. For each specimen, fork length (FL, in cm) and somatic weight (SW, in g) were obtained, sex was determined macroscopically by gonads observation, and the right sagittae otoliths were extracted by cutting inside the operculum area, and were stored for later processing.
Laboratory samples processing: A low speed Buehler® isoMet® 1000 saw equipped with diamond wafering blades was used to cut 0.5 millimeters (mm) transverse sections from each right sagittae otolith (Taylor et al. 2000) . Otolith sections were polished with sandpaper (2000 caliber); afterwards, sections were mounted on clean slides with Crystal Bond TM #509 thermoplastic cement (Electron Microscopy Supply, inc.). images of 7.5 megapixels of each otolith section were obtained under transmitted light using a stereoscopic microscope Stemi DV4 (Carl-Zeiss) fitted with a Cannon TM Power Shot G6 digital camera. Then, the age of each individual was obtained by two different readers by direct counting of the age marks (opaque and translucent bands) (Taylor et al. 2000 , Campana 2005 . Disagreement between readers was addressed by a concert read. However, if differences in age determination were persisting, the otolith was discarded (Beamish & McFarlane 1983 , Taylor et al. 2000 . Eighty-six (13.15%) collected otoliths were discarded. Additionally, the distance from the otolith core to the edge along sulcus ridge (otolith radius) and the distance from the core to each opaque band were measured with a micrometer (Fig. 2) .
in order to test for seasonality in the bands formation, a cross correlation analysis was performed between the monthly proportion of marginal translucent and opaque bands with the monthly average sea surface temperature of the sampled period (Perera-Garcia et al. 2011) . The monthly average sea surface temperature along the fishing area was estimated from weekly sea surface temperature images taken from module MODiS on Aqua (Ocean Watch North Pacific Demonstration Project, 2012).
The von Bertalanffy (1957) growth model was fitted to the observed length-at-age and weight-at-age. The model was described by the equations: L t =L ∞ (1-e -k (t-to) ) and W t =W ∞ (1-exp -k (t-to) ) b , where: L t = average fork length at age t ; L ∞ = asymptotic fork length; W t = average weight at age t ; W ∞ = asymptotic weight; Growth parameters were estimated for combined sexes using Ford-Walford's linear methods (Walford 1946 ) for a first estimation, and were calculated linearizing the VBGF; these first estimates were used as "seeds" to estimate the final growth parameters by means of a non-linear regression using LevenbergMarquardt's algorithm (Saila et al. 1988 , Sparre & Venema 1997 , Rico et al. 2001 .One year old specimens were not collected, therefore the average FL for this age class was calculated in 28cm, based on back-calculated lengths and also comparing with published data (Mejia & Lara 2007) .
The length-weight relationship was determined by using the nonlinear equation: SW=aFL b where: SW is the somatic weight, a is the intercept (initial growth coefficient or condition factor), FL is the fork length, and b is the slope (growth coefficient, which indicates the isometric or allometric growth) (Ricker 1973) . Data for growth by length and the weight-length relationship were used to obtain the weight for each age. To determine the relationship between otolith radius (OR) and FL we used the regression: FL=aOR b for both sexes combined (Ricker 1973 , Ehrhardt 1992 .
For determining back-calculation, we used three methods which were developed using scales to back-calculate FL (found in Francis, 1990) 
, where L i =age at which the first ring was formed; R i =distance to each ring (distance from core to i th ring); R C =otolith radius or periphery distance; L c =average FL; and c=correction factor (intercept of the regression equation for OR on FL). Average FL-at-observed-age was used to support the back-calculation procedures (Ricker 1992 (Ricker , ibañez et al. 2008 .
To assess the formation of annual growth bands, the monthly frequency of otolith edge or margin translucence of each sectioned otolith was recorded. Monthly ratios of marginal translucence were compared using X 2 test. An analysis of covariance (ANCOVA) defined differences among the slopes with FL as the covariable (Zar 1999 ). An ANCOVA was used to test for differences between observed FL 
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Opaque band Core and back-calculated FL (Zar 1999 ). Hotelling's T 2 -test was used to compare growth curves of males and females; this test assumes that the estimates of L ∞ , k and t 0 of combined sexes were obtained from normal distributions (Bernard 1981) . The differences in the von Bertalanffy growth parameters among the four sample sites were compared by using the residual sum of squares analyses (RSS) (Chen et al. 1992) . A multiple correlation analysis and an analysis of covariance (ANCOVA) were applied to the FL-SW regressions to assess differences between the sexes (Sokal & Rohlf 1996 , Zar 1999 .
RESULTS
The fork length of common snook individuals from Barra Bosque ranged from 38 to 111.5cm (average±SD), while in Barra San Pedro ranged from 33 to 108cm, (average±SD), in San Pedro from 44 to 88.5cm (average±SD) and in Tres Brazos from 30 to 88cm (average±SD). The ANCOVA analyses show that the FL-SW relationship was not statistically different between males and females for all sampling points. Accordingly, we herein present the general equations for the FL-SW relationship for each sampling point: Barra Bosque SW=0.0062*FL 2.6 (r 2 =0.91), Barra San Pedro SW=0.0042*FL 3.0 (r 2 =0.97); and riverine area were: San Pedro SW=0.0067*FL 3.0 (r 2 =0.90) and Tres Brazos SW=0.0058*FL 3.0 (r 2 =0.92).
The marginal bands formation in the otoliths of the common snook was related with seasonal variation temperature. Translucent bands are formed predominantly during months with low sea surface temperature from November to April (Average temperature=25.9±0.75ºC), whereas the greatest proportions (0.70>) of translucent bands occurred during January to April (Fig. 3) . Opaque marginal band formation has been related to a high temperature period from May to September (Average temperature=29.1±0.43ºC), meanwhile the greatest proportion (0.60³) of opaque bands occurred during May to August (Fig. 3) .
The cross correlation showed a significant correlation (0.60>) among low temperatures Aug. with high proportions of translucent bands almost during two months before and after lowest sea surface temperature (Fig. 4) . in the case of opaque bands, the cross correlation function showed a significant correlation (0.60>) among high temperatures and highest proportions of opaque bands almost during one month before and after the highest temperatures. Monthly patterns in marginal bands proportions showed that the formation of a pair of bands (translucent-opaque) occurring during one year approximately (Fig. 4) . Linear relationships were found between FL and OR of common snook for each site at the coastal and riverine areas. Correlation coefficients between FL and OR were significant (p<0.01) for each site indicating that the otolith radius was correlated with FL for ages 2-17: The significant relation between FL and OR for each site supports the use of otoliths to determine age and growth rates and to perform back-calculations of size-at-age for common snook. However, because so few specimens were collected in Tres Brazos, these results must be considered with caution. Covariance analysis showed differences (F=21.28, p<0.001) in the FL-OR relationship for the different sampling sites, thus there were geographical differences in otoliths and fish growth rates. Fish from the coastal area were larger-at-age and therefore grew faster than fish from riverine areas.
The Whitney-Carlander method overestimated FL when compared to observed lengths-at-age, whereas the other methods underestimated FL (Fig. 5) . The mean observed FL at age and those obtained by back-calculation methods for the coastal and riverine grouped areas were different (ANCOVA, F=13.02, p<0.05; F=45.09, p<0.05). However, Tukey's test failed to find differences (p>0.05) in the back-calculated mean FL of snook from the coastal area, which was obtained by the DahlLea and Fraser-Lee methods, and the observed FL using the Whitney-Carlander method. Although some discrepancies were found (calculated lengths for snook age two were similar for the coastal and the riverine areas), backcalculated FL was greater for the area of snook age five and older. Estimated ages ranged from two to 16 years (in Barra San Pedro) with females having larger coefficients and larger sizes in all four sites. The population of C. undecimalis in the riverine area was younger with a maximum age of 11 years (female in San Pedro and males in Tres Brazos), whereas, the coastal population included larger and older individuals up to 17 years of age (Table 1) .
The von Bertalanffy growth parameters of sexes combined for coastal areas were: Barra Bosque FL t =109.21(1-e -0.21(t+1.39) ), Barra San Pedro FL t =94.56(1-e-0.27(t+0.23) ); for the riverine areas were: San Pedro FL t =97.15(1-e -0.17(t+0.91) ) and Tres Brazos FL t =83.76(1-e -0.26(t+0.49) ). The growth curves for the coastal and riverine areas are presented herein ( Fig. 6 and 7 ). Significant differences in the growth parameters were found between males and females, where Hotelling's T 2 -test is for Barra Bosque (T 2 obs =771.13>T 2 =12.19, p<0.001), for Barra San Pedro (T 2 obs =936.54>T 2 =12.11, p<0.001) and for San Pedro (T 2 obs =720.64>T 2 =11.61, p<0.001). The average size of males was smaller than the average size of females of the same age. Additionally, the residual sum of square, RSS, indicated that the von Bertalanffy growth curves varied among areas (F=74.08, p<0.05). DiSCUSSiON in our study area, the translucent band was deposited mostly during the summer, with regard to high temperature and food abundance. The opaque band formed each winter, has been attributed to slow growth with regard to reproduction, spawning and low temperature (Tucker and Campbell 1988 , Taylor et al. 2000 , Chen et al. 2008 . During the reproductive period, the metabolic energy appeared to have been diverted from somatic growth, resulting in the formation of narrow opaque zones as compared to relatively wider translucent zones , Kallianiotis et al. 2005 . Seasonal deposition of age marks in otoliths of C. undecimalis was consistent across sampling years and sites. This pattern of annular marks on hard structures has been related to both temporal variations in availability of food resources and temperature (Cappo et al. 2000 , Melo & Felix 2004 , Lin & Tzeng 2009 ).
The highly correlated linear regression of FL and OR of C. undecimalis showed that rings on otoliths are suitable structures to estimate individual growth rates and can be used to back calculate sizes at previous ages (Aliaume et al. 2000 , Taylor et al. 2000 , Cabrera 2002 . The different growth rates observed in males and females were related to sex change , Munday et al. 2004 , Walter & McCormick 2004 . in common snook, growth increments were larger for females, indicating that females had faster growth rates and were larger-at-age than males (Taylor et al. 2000 , Patterson et al. 2005 . Growth rates (k) were faster in the coastal area than in the riverine area and may be related to greater abundance of food and lower population density in the coastal area (Caballero 2003 , Aliaume et al. 2005 , Steven et al. 2007 .
Our sizes-at-age were similar to those reported for common snook in Puerto Rico and Florida (Aliaume et al. 2000 , Patterson et al. 2005 , Taylor et al. 2000 , although we had to account for sub-annual increments or narrow translucent, "false," rings (Campana 2001) . Additionally, in the case of older specimens, opaque rings on the otoliths edge were closely and accounted for most of the reconciled discrepancies , Wilson et al. 2009 ). Most of the specimens collected from the coastal area of Tabasco, were mature females over five years old, whereas, specimens collected in the riverine area were mostly males. The differences in the size-at-age ranges for males and females of the common snook, between coastal and riverine areas, is consequence of sexual segregation, a general characteristic of the common snook populations, which is normally associated with reproduction, migration, competition or environmental factors that influence growth and determine the size (Peters et al. 1998 , Aliaume et al. 2005 , Patterson et al. 2005 , Chen et al. 2008 . Barra Bosque and Barra San Pedro, are defined as areas of recruitment for spawning and breeding then is common to find old females in advanced reproductive stages (Perera-Garcia et al. 2008) ; whereas in the riverine area, younger common snooks are found, this segregation is related to migration and reproductive habits of this species. Stevens et al. (2007) observed C. undecimalis in prejuvenil stage (<15cm) and juvenile (15 to 35cm standard length) are abundant in estuarine habitats. However, they found that juveniles dominate riparian habitats. On the other hand, juveniles migrate into certain sizes within freshwater tributaries, which later on cause them to have difficulties for returning into isolated localities, due to their dependence on water levels that established connectivity with adjacent habitats. This could indicate the reason of the results obtained in this study in the riverine area, where the range of size and age of the adult populations of the common snook are lower. Because growth parameters of C. undecimalis that inhabit coastal and riverine areas of Tabasco, Mexico are significantly different, it is imperative that future research be conducted on migration and detailed population genetics in order to delineate the stock structure of this population. A permanent monitoring program of landing data and angler effort is necessary to support management programs. More important, future research focusing on harvest levels and mortality parameters should be conducted over a much larger area of Mexican coastal areas with the aim to conduct a multistate stock assessment, in order to determine stock condition.
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RESUMEN
El robalo blanco Centropomus undecimalis representa un ingreso monetario significativo y un recurso alimentario para todas las comunidades rurales cercanas a su distribución. Se determinó la edad y crecimiento de esta especie. Los organismos se recolectaron mensualmente en los desembarcos de la pesca artesanal de las cooperativas de mayor contribución en la zona costera (Barra Bosque y San Pedro) y ribereña (San Pedro y Tres Brazos) entre julio 2006 y marzo 2008. La edad se determinó mediante otolitos seccionados. La edad estimada fue de 2 a 17 años. Mensualmente se estableció la formación anillos opacos y traslúcidos. Para ambas zonas de estudio agrupadas, se validó el retrocálculo por comparación de tres métodos (Fraser-Lee, Dahl-Lea y Whitney-Carlander), se encontraron diferencias significativas (ANCOVA, p<0.05) entre el promedio de la longitud observada y la longitud retrocalculada. Las constantes de la ecuación de von Bertalanffy fueron calculadas para cada sexo y combinados, se empleó el método no lineal de Levenberg-Marquardt's. La edad estimada para el robalo blanco fue de 2 a 17 años. Se encontraron diferencias significativas en el crecimiento entre sexos (T 2 Hotelling, p<0.05). Los parámetros de crecimiento para ambos sexos fueron, zona costera: Barra Bosque Lf t =109.21(1-e -0.21(t+0.57) ), Barra San Pedro Lf t =94.56(1-e-0.27(t+0.48) ), y para la zona ribereña: San Pedro Lf t =97.15(1-e -0.17(t+1.32) ) y Tres Brazos Lf t =83.77 (1-e -0.26(t+0.49) ). Se encontraron diferencias significativas en las curvas de crecimiento de von Bertalanffy entre las poblaciones comparadas (RSS, p<0.05).
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